Abstract: Endarterectomy of common femoral artery lesions (CFA) carries favorable longterm results and is currently still considered the gold standard for treating these lesions. Although routine stenting has been considered an option for treating the CFA, it has yielded conflicting results and is currently reserved for a bailout of suboptimal endovascular results. Newer therapies with atherectomy or lithoplasty in conjunction with pharmacologic antiproliferative therapies are promising with less bailout stenting and dissections but randomized trials are needed to confirm their effectiveness and safety.
Introduction
Surgery has been considered the standard treatment for symptomatic common femoral artery (CFA) disease. Endovascular therapies, however, have significantly evolved in the past recent years. Several new tools have been introduced including atherectomy devices, shockwave Lithoplasty (Shockwave Medical, Santa Clara, CA) and scoring or cutting balloons that have the potential to improve the acute procedural success and reduce dissections and bail out stenting when treating complex lesions. Furthermore, drug-coated balloons have significantly improved the long-term durability of the procedure and have become an effective therapy against restenosis. In this review, we focused on studies published within the past 10 years which included endovascular or surgical treatment of the CFA. To be eligible for inclusion, only prospective studies or retrospective studies of prospectively collected data and with a minimum of 10 treated CFAs were considered. A summary of published data is in Table 1 .
Endarterectomy
Ballota et al 1 reported on a series of patients with isolated CFA disease. In this prospective series, 117 patients were enrolled. Isolated CFA endarterectomy was performed in 38 patients (31%). Sixty percent of all patients presented with claudication and 40% with CLI. Technical success was achieved in 100% of patients. During the peri-operative (30-day) period, no death or major complications occurred. There were 8 (6.6%) minor complications (self-resolving inguinal lymph leaks). Ankle brachial index (ABI) improved significantly (from 0.57 to 0.94 in claudicants and 0.42 to 0.75 in critical limb ischemia (CLI) patients). At a mean Freedom from amputation was 92.6% and procedurerelated complications were 11.5% during 7 years of follow-up. The hybrid approach has not been evaluated in a prospective study. In summary, prospective registries show a very high success rate (93.2% to 100%) in treating the CFA with endarterectomy. Also, a low rate of complications was seen in these studies although traditionally CFA endarterectomy is associated with wound infections, hematomas, or seromas affecting >15% of patients. 1 Finally, sustained primary patency (93% to 96%) and low TLR rates (9% to 18.3%) were seen with long term follow-up. These results are highly favorable and set a high standard for the treatment of the CFA. It should be noted, however, that these studies are limited by being single center and likely with selection bias performed by experienced operators.
Endovascular Therapies of the CFA
The endovascular treatment of CFA disease has recently gained significant momentum. The endovascular approach has been criticized as suboptimal when compared to surgery. Bonvini et al 5 published a retrospective analysis of prospectively maintained single-center database to study the success of endovascular treatment of CFA Lesions. A total of 321 patients were included in this study, 140 (38.9%) of which were true CFA bifurcation lesions. Patients with chronic total occlusion (CTO) were 17.8% and those with associated chronic SFA occlusion were 21.9%. Out of 360 procedures performed, 98.6% were with PTA (mean balloon diameter 6.55 ± 0.8 mm) making it the primary method of intervention. Stenting was performed in 37% of lesions as a bailout procedure when >50% residual stenosis was noted. were done with stenting. Several types of stents were used including self-expandable stent 33 (66%) and balloonexpandable stents 23 (46%). Three (5%) patients were treated with angioplasty only. The technical success rate defined as <30% residual stenosis was 98% and the one case of failure was a type III lesion with CTO. Follow-up was done at a mean of 24 months when restenosis rate (defined by duplex ultrasound as a peak systolic velocity index >2.4 at the target lesion) was 7.5% and TLR rate was 4%. The low rates of restenosis and TLR were likely due to stenting as the primary intervention. Sixty-seven percent of the entire cohort showed clinical improvement and 6% rate of major amputation was noted. There were four cases (9%) of stent fracture reported out of which three were nitinol stents and one was balloon-expandable stent. These results were encouraging but could also reflect selection bias and a higher level of expertise by the operators. Survival rates at 3 and 5 years were 74% and 62% unrelated to the CFA intervention. Restenosis rate (restenosis >50% and by a peak systolic velocity index >2.4 at the target lesion assessed by duplex ultrasound) was 28% (11 cases) out of which 72% (8 cases) occurred at 1 year and 27% (3 cases) occurred after >2 years. There were 2 risk factors associated with restenosis; type III lesions (P = 0.014; 95% CI = 1.53-36.73) and stenting of the PFA (P = 0.0007; CI= 3.29-342.5). The TLR rates at 1 year, 3 years and 5 years were 15%, 17% and 21%. Two major amputations were reported at 30 days and 39 months. At 6 months, one stent fracture was noted in a type I lesion treated by nitinol self-expanding stent. There was in-stent restenosis of this fracture at 12 months. The overall patency and TLR rates in the Azema 7 and Nasr 8 studies were not as encouraging as reported by Thiney. 6 This could be related to significant differences between the cohorts of patients enrolled as well as stent types and procedural methods. Data from the Vascular Quality Initiative (2010-2015, 9 ), a multicenter prospective database, were analyzed for endovascular interventions of the CFA and PFA. A total of 1014 patients were included. Isolated CFA intervention was noted in 946 (93.3%) patients.
Claudication was present in 67% of patients. Access site hematoma was reported in 5.2% of patients, whereas distal embolization and perforations were seen in 0.7% and 0.6%, respectively. At 1-and 3-year follow-up survival was 92.9% and 87.2%, respectively. At 1-year amputation-free survival, freedom from loss of patency or death, and reintervention-free survival were 93.5%, 83%, and 87.5%, respectively. In this analysis, the authors concluded that compared to historic controls of endarterectomy, endovascular interventions of the CFA appear to have a higher rate of reintervention and lower patency rates on a 1-year follow-up.
Linni et al 10 Infections occurred in 7 surgical patients (minor) and none in the stent group (p<0.001). Technical success was 97.5% with surgery and 100% with stenting. Patency at 1 year was 80% for the stent group versus 100% for endarterectomy (p=0.007). There were no differences in amputation and mortality rates at 1 year. Goueffic et al 11 reported the findings of the TECCO trial; a multicenter, prospective trial that included 117 patients with de novo CFA disease randomized to endarterectomy (n=61) versus stenting (n=56). Thirty-four patients had isolated CFA lesions. Forty-six percent of the study population were smokers. Diabetes was present in 41% of the surgery group and 31% of the stent group. The primary outcome was the morbidity and mortality rate within 30 days. Morbidity was defined as complications that required re-intervention or prolonged hospitalization, lymphorrhea of more than 3 days, and post-operative paresthesia requiring pharmacologic intervention. The median follow-up was 2 years. The primary outcome events occurred in 26% of the endarterectomy group and 12.5% of the stent group (p= 0.05). The stent group had a shorter hospital stay (3.2 ± days vs 6.3 ± 3 days; p < 0.0001). At 2 years there were no differences in the primary patency (HR 1.7; 95% CI, 0.5-5.6, p=0.42) or TLR (HR 0.9; 95% CI, 0.3-2.5, p=0.83) rates between the 2 groups. The TECCO trial demonstrated that endovascular therapy with stenting is a viable alternative treatment to endarterectomy. A recent metaanalysis 12 evaluating outcomes of endovascular therapy versus endarterectomy of the CFA showed that the TLR rate at 1 year was 8% (95% CI 4-13%) for routine stenting, 19% (95% CI 14-23%) for selective stenting, and 4.5% (95% CI 1-9%) endarterectomy. Also at 1 year, no statistical difference in primary patency was seen in the routine stent group versus the surgical group. Complication rates were, however, significantly higher with surgery and a higher mortality was seen with endarterectomy at maximum follow-up when compared to routine stenting (23.1% (95% CI 14-33%) versus 5.3% (95% CI 1-11%) respectively). This analysis included both retrospective and prospective studies and selection bias cannot be excluded. However, it supports endovascular therapy as a viable option for treating the CFA as seen in the TECCO trial.
In a large retrospective analysis of 1014 patients by Siracuse et al, 9 periprocedural complications of endovascular therapy were mostly vascular-related complications including hematoma, arterial dissection or stenosis/occlusion, distal embolization and perforation. Thirty-day mortality was 1.6%. Predictors of mortality were advanced lung disease, tissue loss, dialysis, emergency procedure, and older age. Aspirin was protective. In addition, predictors of amputation were advanced lung disease, tissue loss, dialysis, stent use, nonambulatory status, and female sex. Also, in a small retrospective study, Soga et al 13 noted that predictors of patency loss with endovascular therapy were renal failure, coronary artery disease, calcified disease, and a higher residual stenosis. The data above indicate that balloon angioplasty to the CFA with bailout stenting is not a favorable strategy when compared to endarterectomy. Data on routine stenting provide conflicting results but overall it appears that patency and TLR rates are improved when compared to bailout stenting on short-term follow up (1-2 years). Numerically, however, the rates of TLR and restenosis continue to favor surgery and long-term data for stenting is still lacking. Although routine stenting may yield favorable outcomes, the use of stent in the CFA is not generally preferred as a primary strategy because of stent fractures and the prevention of future targets for bypass surgery. Also, the presence of a CFA stent may become a relative problem for future access.
Future Directions
The advent of new endovascular technologies appears to be promising for treating the CFA. Debulking with atherectomy ( Figure 1 ) remains promising particularly in calcified vessels with severe and eccentric lesions. Less bailout stenting is expected and some early data suggest improved patency and freedom from TLR when compared to angioplasty and bailout stenting. 14, 15 However, there are conflicting data on the use of atherectomy with adjunctive DCB in the CFA. In a two-center retrospective study, 16 154 patients with CFA disease were treated with DCB (n = 47) or balloon angioplasty and bailout stenting (n = 107). Critical limb ischemia and moderate to severe lesion calcification were present in 43% and 75% of patients, respectively. A high use of vessel prepping with atherectomy was performed (97.9% in the DCB cases and 44.7% of BA cases). Procedural success was similar in both groups. More bailout stenting was noted in the balloon angioplasty group versus the DCB group (12.3% vs 2.13%, p = 0.044) and could reflect a higher use of vessel prepping in the DCB cohort. Freedom from TLR, freedom from limb loss and freedom from major adverse limb events at 2-year follow-up were similar. In a retrospective study by Stavroulakis et al, 17 47
consecutive patients with CFA disease were treated using either DCB (n=26) or directional atherectomy with DCB (n=21). Technical success was similar between the two groups. The atherectomy and DCB cohort had numerically better 12-month primary patency at 88% and freedom from TLR at 89% when compared to DCB alone (68% and 75%, respectively), but neither difference was statistically significant. Furthermore, Cioppa et al 18 reported prospective data on 30 consecutive patients with severely calcified obstructions of the common femoral artery treated with directional atherectomy and DCB. Chronic total occlusions were present in 6 (20%) cases. Patency and TLR rates at 1 year were 93.4% and 3.3%, respectively, with a secondary patency rate of 96.7%.
Summary
Endarterectomy of CFA lesions carries favorable long-term results and is currently considered by many to be the gold standard for treating these lesions. The long-term data for an endovascular approach are lacking and should be balanced against the high initial risk of endarterectomy. Also, it should be emphasized that CFA disease is heterogeneous and infrequently is limited to the CFA only. This adds another complexity to the CFA endarterectomy approach and may have a significant impact on the procedural complication rates and the surgical approach to treatment (hybrid vs not). We believe that the approach to CFA treatment, surgery versus endovascular, is not straightforward and should be a shared decision between the operator and the patient with pros and cons explained in details before an informed consent is obtained. femoropopliteal diseases. A unilateral external iliac artery stenosis or occlusion (calcified or not) extending into the origin of the CFA is considered TASC C. A chronic total occlusion of the CFA is a TASC D lesion. Well-controlled trials comparing contemporary endarterectomy to endovascular therapy that incorporate newer therapies such as lithoplasty, atherectomy and drug-coated balloons are needed. Currently, the Percutaneous Intervention versus Surgery in the Treatment of Common Femoral Artery Lesions (PESTO-AFC; www.clinicaltrials.org NCT02517827) is a randomized controlled trial comparing directional atherectomy and DCB to endarterectomy in treating CFA lesions with a planned follow-up for 2 years. It is anticipated that 306 subjects will be enrolled.
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